There has been an increase in investment in research on new sources of natural pigments for food application. Some cyanobacteria can change the structures responsible for light harvesting and cellular processes according to the wavelength and light intensity. This phenomenon has been described as complementary chromatic adaptation. The present study aimed to investigate the growth of Arthrospira platensis using different light qualities, irradiance, and wavelength by evaluating the production of biomass, proteins, and phycobiliproteins. The occurrence of the chromatic adaptation phenomenon in this cyanobacterium was also investigated. The microorganism used in this study, A. platensis, was grown in a Zarrouk medium under three irradiance levels, 50, 100, and 150 μmol fotons.m ). There was no difference in the production of total protein and total phycobiliproteins under the studied conditions. It is likely that the large supply of nitrogen in the Zarrouk medium was sufficient for cell growth and maintenance, and it supplied the production of accessory pigments composed of protein. Finally, there was no evidence of the complementary chromatic adaptation phenomenon in A. platensis cultivated under green light. Moreover, this condition did not increase phycocyanin production.
Introduction
Colorants are extensively used by the food industry (Downham & Collins, 2000) . There has been an increase in investment in research on new sources of natural pigments for food application due to the importance of the dyes for the acceptance of food and to the toxicology of synthetic dyes, which have been associated to adverse human health effects (Mansour et al., 2007; Williamson, 2008) .
Cyanobacteria are photosynthetic prokaryotes phototrophs that produce pigments such as phycobiliproteins (Prasanna et al., 2010) . They are water-soluble fluorescent proteins with protein chains covalently bound to chromophore tetrapyrroles groups known as bilins (MacColl, 1998) . In algae and cyanobacteria, the phycobiliproteins are components of supramolecular complexes called phycobilisomes, which have physiological function of light harvesting for photosynthesis. In cyanobacteria, there are mainly three phycobiliproteins: phycocyanin and allophycocyanin, which are blue, and the red colored phycoerythrin (Gantt, 1981) . Yang et al. (2011) also conducted a study to evaluate the toxicology in vitro and in vivo of Nostoc sp. and Arthrospira (Spirulina) sp. and found that cyanotoxins was not detected in both strains, and in order to demonstrate their safety to humans, the authors carried out a study on animal diet, in which rats were fed a diet supplemented with 5% of each biomass. The results showed no evidence of toxic effects using these cyanobacteria as a food material source.
Several studies have reported that the cyanobacterium Arthrospira platensis produces phycocyanin as the main pigment, but it also produces allophycocyanin and small amounts of phycoerythrin Silva, 2008; Ajayan et al., 2012) . Dn the other hand, the presence of phycoerythrin in Arthrospira platensis was not detected according to other studies (Akimoto et al., 2012; Bolychevtseva et al., 2003) .
Some cyanobacteria can change the structures responsible for light harvesting and cellular processes according to the wavelength and intensity of light. This phenomenon is described as complementary chromatic adaptation (Kehoe & Gutu, 2006; Walter, 2011) . Dur research group has been studying the properties of phycobiliproteins in different microorganisms. Accordingly, we have interest in establishing the cultivation conditions that lead to higher accumulation of phycobiliproteins in the biomass of A. platensis.
The present study aimed to study the growth of A. platensis using different light intensities, irradiance, and wavelength evaluating
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Roberta Ferreira RIZZD 1 *, Beatriz do Nascimento Corrêia dos SANTDS 2 , Gabriela Fernandes Pepe da Silva de CASTRD the production of biomass, proteins, and phycobiliproteins. The occurrence of the chromatic adaptation phenomenon in this cyanobacterium was also investigated.
Materials and methods

Microorganism and culture medium
The microorganism used in this study, Arthrospira platensis, was obtained from the Culture Collection of the Laboratory of Physiology and Cultivation of Algae at Universidade Federal Fluminense (UFF). It was inoculated in Zarrouk medium using the composition described by Belay (2008) .
Cultivation conditions
Cultivation was carried out in a 1 L erlenmeyer containing 500 mL of culture (Zarrouk medium and inoculum). The culture medium was previously autoclaved. The initial biomass concentration was standardized as 50 mg.L -1 . The cultures were maintained under agitation induced by insufflation of filtered air, with flow aeration of 0.5 vvm (air volume/medium volume/minute). The temperature was kept at 31 ± 2°C.
To establish the best experimental conditions, a 2 3 full factorial design was used totaling 8 runs (8 different culture conditions, performed in triplicate). The cyanobacteria was grown under three levels of irradiance, 50, 100, and 150 μmol fotons.m , with illumination provided by white and green fluorescent lamps. The irradiance was measured on the surface of the flask using a LI-250A light meter (Nebraska, USA) and a Li-Cor quantum sensor. The pH was measured using a MSTecnopon mPA-210 pHmeter (São Paulo, Brazil).
Cyanobacteria growth
Under each growth condition the production of biomass was measured using an optical density (DD) at a wavelength of 750 nm, compared to a calibration curve. For the determination of biomass, cells in 10 mL of culture were centrifuged at 6797 × g for 30 minutes at 5°C using an Eppendorf 5403 centrifuge (Wesseling, Germany). The medium was removed and the biomass was washed with distilled water. The original volume was re-established for DD analysis. Biomass production was evaluated every 3 days after inoculation. Specific growth rate was determined based on a modeling approach considering the logarithm of cell concentration versus time of growth, as described by Baranyi & Roberts (1994) , using the DMFit Excel add-in software, version 3.0 (Washington, USA) (http://www. ifr.ac software.uk/safety/dmfit/). Productivity was calculated using the following Equation 1:
where: P = productivity (mg.L -1 .day -1 ), B 0 = initial biomass density (mg.L ), and T i = time interval (day) between B 0 and B i (Colla et al., 2007) .
Determination of total protein
The nitrogen concentration in the biomass obtained under the different culture conditions was determined by the Kjeldahl method (Instituto Adolfo Lutz, 2008) ; nitrogen was converted into protein using the factor 6.5. The results were expressed in mg% protein in the biomass.
Estimative of phycobiliprotein concentration
Under each growth condition, biomass samples were collected for phycobiliprotein extraction. The biomass samples were subjected to two cycles of freezing and thawing. The samples were centrifuged at 6082 × g for 20 minutes at 25 °C using a Sigma 3K30 centrifuge (Göttingen, Germany). The extraction process was repeated twice. The extract was filtered through qualitative filter paper. The absorbances at the wavelength of maximum absorption of 565 nm (phycoerythrin), 620 nm (phycocyanin), and 650 nm (allophycocyanin) were measured using a spectrophotometer. The concentration values were estimated using the Bryant chromatic equations (Equations 2 to 4), as described by Chapman & Kremer (1988 
Additionally the UV-visible spectrum (200-750 nm) was obtained to characterize the phycobiliprotein extract profile. The readings were performed on an UV 2600 Shimadzu spectrophotometer (Kyoto, Japan). The concentration of phycobiliproteins in the biomass was expressed in mg%.
Statistical analysis
The significant difference between the production of biomass, protein, and phycobiliproteins under the different culture conditions were determined by one-way ANDVA and the Tukey's test using the GraphPad Prism software version 5.0 (California, USA). Values were considered statistically significant when p < 0.05.
Results and discussion
Arthrospira platensis growth under different cultivation conditions
The biomass production under all conditions studied over the course of 21 days is shown in Figure 1 . All conditions showed similar growth profile, with apparent beginning of stationary phase after 15 days of growth. Statistical analysis was performed to verify the occurrence of a significant difference in biomass production at 15, 18 and 21 days of growth. These results, associated with the need for standardization of time recovery of biomass to evaluate metabolite accumulation, were considered for determining the time period of 18 days as the best time for cell growth. Thus, the comparative analysis between the biomass production, total protein, and phycobiliproteins was performed on biomass harvested after 18 days of growth. Figure 2 shows biomass production after 18 days for all studied conditions, and Table 1 shows the experimental design average results for specific growth rate and productivity. ). Ravelonandro et al. (2008) reported that green light was better for accumulation of A. platensis biomass than the other light qualities studied (white, red, and blue). However, the results obtained in the present study are quite different; they indicate that white light promotes more biomass accumulation than green light. Ravelonandro et al. (2008) reported that the cell growth interruption could be attributed to inhibition due to high pH values (above 11). Productivity and cell concentration had the maximum values at the highest values of irradiance (1200 lux~17 ). In the present study, the pH was 10.7 ± 0.2; therefore, it is likely that possibly the cell growth was interrupted due to substrate exhaustion.
Some authors reported that the growth rate of cyanobacteria is directly proportional to light intensity until saturation levels (Wang et al., 2007; Rangel-Yagui et al., 2004; Danesi et al., 2004; Ravelonandro et al., 2008) . Ravelonandro et al. (2008) .
The initial pH of the Zarrouk medium was approximately 9.5 and kept 10.7 ± 0.2 during growth under all conditions studied. According to Richmond (1988) , a pH of 11.0 is a limiting factor for growth of Spirulina. In the current study, a pH equal to or greater than 11.0 was not observed under the conditions studied. Ciferri (1983) , reported that Spirulina cultures showed an extensive pH optimum range (8 to 11), but the growth was also observed at pH values near 7 and as high as 11.3.
Total protein content
Total protein content after 18 days of growth under all conditions studied showed no statistical significant difference (Figure 3 ). According to Belay et al. (1993) , Spirulina has a high protein content, equivalent to 60-70% of the total mass. The values found in the present study ranged from 53 to 79% under the conditions evaluated. Mary Leema et al. (2010) showed that the protein content of the A. platensis grown under white light in Zarrouk medium was higher than that in the other media studied. The protein content in the Zarrouk medium was 71.16%, while in diluted seawater it was 65.20% (2 part seawater:1 part freshwater, v/v) and 66.96% (2 part freshwater:1 part seawater, v/v), and in undiluted seawater it was 59.87% (Mary Leema et al., 2010) .
Zarrouk medium without modifications was the medium used in the present study. This is the most widely used medium in the cultivate A. platensis since it promotes larger production of important metabolites; besides, it is a medium with high nitrogen content. The composition of cyanobacterial biomass is affected by nitrogen nutrition, and crude protein content and biomass appears to be related to the nitrogen available in the medium. Variation of the nitrogen content in the culture medium has showed that protein concentration in cyanobacterial biomass increases to a certain extent with increasing nitrogen content (Markou & Georgakakis, 2011) . Dliveira et al. (1999) , observed the accumulation of protein in cultivations under different temperatures (31 ± 2 ºC), and the protein content in S. platensis was 64.35%, which is in the same range of the values found in the present study. Another study showed a higher content of protein in biomass cultivated under white and green light-emitting diode (LED) compared with that obtained under blue, yellow, red, and pink LED (Markou, 2014) . Ravelonandro et al. (2008) , found a protein content value of 58% in S. platensis after 10 days of growth under green light at irradiance 1200 lux (~17 μmol fotons.m ). In the present study, the protein content obtained was 59% after 18 days of growth under green light at irradiance of 50 μmol fotons.m -2 .s -1 green light.
Although the conditions of cultivation under green light showed the lowest biomass production, the quality of light for all irradiance values did not change protein production by A. platensis significantly. This possibly occurred due to the large amount of nitrogen in the medium since some studies conducted by our research group (Castro et al., 2015) demonstrated that the concentration of sodium nitrate (nitrogen source) in the Zarrouk medium is very high. Colla et al. (2007) , showed that at a temperature close to that used in the present study (30°C), the absorption of nitrogen appears to be limited, once experiments with higher concentrations of sodium nitrate (1.875 and 2.500 g.L -1 ) showed no increase in the level of protein. In the current study, the content of sodium nitrate was 2.5 g.L -1 , which can probably confirm the maintenance of the protein content under the conditions at which growth rate was lower. The low cell growth rate did not divert the nitrogen route to growth only since the protein content was not statistically different under the conditions that led to higher biomass production.
It is likely that the large supply of nitrogen promoted by the Zarrouk medium did not make the bacterium divert their sources to growth or production of other protein metabolites.
Phycobiliproteins production
The spectra of the extracts did not reveal the characteristic phycoerythrin peak in the range of 565 nm ( Figure 4 ). As the spectrum scan does not confirm the presence of phycoerythrin, its production by the A. platensis strain used in the present study can not be confirmed. Based on these results obtained, it was observed only the production of phycocyanin and alophycocyanin by A. platensis under different irradiance conditions and light quality. As can be seen in the spectrum shown in Figure 4 , there are blue pigments in the aqueous extract. Figure 5 shows the total phycobiliprotein concentrations, which are the sum of the phycocyanin and allophycocyanin contents determined in the biomass recovered after 18 days of growth. Figure 6 shows, separately, the phycocyanin contents accumulated in the biomass after 18 days of cultivation. The total phycobiliprotein and phycocyanin contents after 18 days of growth showed no significant difference under all conditions studied. Markou (2014) , found about 11% of phycocyanin in cultures grown under green light, and quantities above 10% in cultures grown under white light; values greater than those found under yellow (10%), red (9%), and pink (8.2%) light. Chen et al. (2010) , studied different qualities of light (red, green, yellow, white, and blue) and reported that the greatest accumulation of phycocyanin was observed under green light at irradiance of 1.500 μmol fotons.m . In the present study, it was observed an inverse corrrelation to that reported in the study conducted by Chen et al. (2010) , which showed higher production of phycocyanin under white light than under green light.
Although some conditions promoted low biomass production, it was observed that total protein and phycobiliproteins contents did not change in the biomass obtained under different conditions. Thus, the high levels of nitrogen in the Zarrouk medium provided not only the maintenance of protein accumulation under conditions of lower growth, but also the maintenance of the phycobiliprotein proportion. In a study with nitrogen starvation in an Anacystis nidulans cultivation, it was observed that the total content of phycocyanin decreased, suggesting that the loss of phycocyanin is a characteristic of nitrogen deficiency. Such behavior was reversed by the addition of nitrate, which resulted in the recovery of pigmentation over a period of 8 hours. Cell division did not begin until normal levels of phycocyanin had been restored (Allen & Smith, 1969) .
Conclusion
It was verified that white light promoted higher biomass production than green light. The condition of 150 µmol fotons.m -2
.s -1 under white light was the one that promoted the highest growth rate of A. platensis, leading to the highest biomass production. There was no statistically significant difference in the production of total protein, total phycobiliproteins, and phycocyanin in the studied conditions. It is likely that the large supply of nitrogen promoted by the Zarrouk medium did not make the bacterium divert their sources to growth or production of other protein metabolites. Finally, there was no evidence the occurrence of the of complementary chromatic adaptation phenomenon in the strain of A. platensis cultivated under green light. The results obtained showed that there was no evidence of the presence of phycoerythrin in this cyanobacteria biomass, and the green light did not promote an increase in the phycocyanin production. These results demonstrate the potential of production of natural pigments for food application. 
